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Commentary 


Note on a Detail of M. C. 
Escher’s BELVEDERE 


Charles Milton 


Research Geologist, U.S. Geological Survey, Reston, Virginia, 22082 


In previous issues of this Journal, the writer' commented on a detail of M. 
C. Escher’s METAMORPHOSE; and C. V. S. Roosevelt” discussed it in a 
LETTER to the Editor. In another most widely admired of Escher’s drawings, 
BELVEDERE, there is also a detail, whose profound significance, so far as 
I know, has never been noted anywhere in the vast Escher literature. This is 
the prison bars, behind which screams the wretched prisoner on whom Escher 
comments: 

‘And meanwhile no one in the whole quaint company inside and outside 
the Belvedere pays the slightest attention to the wailing prisoner in the dun- 
geon who sticks his head through the bars.” 

Various plausible, if superficial, explanations of Escher’s intent in depicting 
this scene can readily be given; yet none appear so convincing and conclusive 
as the one arising from a suggestion made in casual conversation, many years 
ago, by a Jesuit priest, whose name I have forgotten. He bade me scan closely 
the bars of the dungeon cell; which I did, and lo! they vanished—they were 
but imaginary concepts, illusions, of no possible reality, that imprisoned this 
unhappy man; while others, more fortunate, appear freely and happily sur- 
veying the beautiful landscape from their Belvedere. But the Belvedere itself, 
on which they stand, is that not also a phantasy, an unsubstantial illusion? Is 
Escher saying that no human intelligence may ever understand ultimate real- 
ities; but only in believing in illusions, can we find comfort and enjoyment in 
our life? And those who will not believe, are they not condemned to futile 


'C. Milton, J. Wash. Acad. Sci., Vol. 62, No. 4, pp. 315-316 (1962). 
7C. V. S. Roosevelt, J. Wash. Acad. Sci., Vol. 63, No. 2, p. 91, (1963). 
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protest and torment, when only imaginary phantasies keep them from joining 
the others? No, Escher’s message in BELVEDERE is not one of despair, but 
of hope and courage for humanity; for in his wondrously beautiful art, he 
once more is telling us, as did Keats: 


‘Beauty is Truth, Truth Beauty, this is all 
Ye know on Earth, and all ye need to know.” 
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Indoor Radon Levels in the 
Washington Metropolitan Area 


Stephen W. Kline, George W. Mushrush, and Douglas G. Mose 


Center of Applied Science, George Mason University 
Fairfax, Virginia 22030 


ABSTRACT 


The levels of indoor radon in homes located in Fairfax County, Montgomery County, 
and several other localities in the Washington metropolitan area have been measured 
during three consecutive three-month seasonal intervals using alpha-track detectors. Re- 
sults from the winter period show that the indoor radon levels were about twice as high 
as anticipated. Approximately 45% of the homes had winter indoor radon levels above 
4 pCi/liter, the EPA’s recommended action level. For the spring period, indoor radon 
levels showed a considerable drop with approximately 35% of the homes above 4 pCi/I. 
Summer values were even lower with approximately 20% of the homes above 4 pCi/I. 
Observed indoor radon levels can be related to the geological material under the home 
and to the type of home construction. 


Introduction 


Recently, many homes with high levels of indoor radon have been discov- 
ered in the northern part of the Appalachian Mountain system [1-3]. Evidence 
has begun to accumulate that several factors related to geology, soil chemistry, 
home construction, and seasonal weather can combine to produce elevated 
indoor radon levels [4, 5]. To determine if elevated indoor radon levels are 
a problem in the central Appalachians, the Center of Applied Science at 
George Mason University is conducting an in-depth regional survey in Virginia 
and Maryland. 

State and County reports in Virginia and Maryland using measurements of 
only a few hours or a few days yielded results that suggested that approximately 


*Mailing Address: 
George W. Mushrush, Department of Chemistry, George Mason University, Fairfax, VA 22030 


Stephen W. Kline and Douglas G. Mose, Department of Geology, George Mason University, Fairfax, 
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10 to 30% of the homes would have indoor radon levels above 4 pCi/I [6-8]. 
Our discovery that in some areas more than 60% of the homes were above 
this level during the winter season test period generated regional interest 
among homeowners, many of whom were added to the testing program. 

There are several natural radioactive decay series. The series beginning with 
*8U is the major source of natural radiation exposure to man in the environ- 
ment. Uranium occurs widely in nature and locally occurring high levels of 
uranium are due in large part to geology and chemistry. Specifically, uranium 
is soluble in an oxidizing environment and it precipitates in a reducing envi- 
ronment [9]. A significant uranium daughter is ”°Ra (t,,. = 1600 years). 
Radium is a Group II element and consequently follows the chemistry of these 
elements in the environment. Dissolved in ground water, radium is available 
for chemical reactions that lead to its wide incorporation as insoluble oxides 
and hydroxides. Radium’s daughter, *’Rn, is the only radioactive inert gas. 
Radon is widely dispersed in the environment because it is unreactive and it 
occurs as a gas. The dispersion of a gas that forms in the earth is only limited 
by soil permeability. 

The dangers of the natural radioactive nuclide radon and its progeny, no- 
tably 7!8Po and ?'*Po, in air are well documented in the literature from studies 
of uranium miners [10-13]. The discovery of elevated radon in homes in 
Colorado and Utah built on mine tailings and the discovery of high levels of 
indoor radon in a home in Boyertown, PA pointed out how widespread the 
problem can be [15-16]. Evidence is rapidly accumulating that radon is a 
major form of indoor pollution and that radon leads to an increased risk of 
developing lung cancer. The danger these nuclides pose indoors have long 
been underestimated [14]. 

This paper reports on our results for the winter interval 11/1/86—1/31/87, 
the spring interval 2/1/87—4/30/87, and the summer interval 5/1/87—7/30/87. 
Approximately 410 homes were measured during the winter interval. These 
same homes, plus an additional 280 homes were measured during the spring 
interval, and an additional 540 homes were added for the summer season. A 
homeowner questionnaire showed that only about 10% of the homes had been 
tested by the homeowner prior to enrollment in the present testing program. 
The questionnaire was also used to determine study variables concerning home 
location, radon monitor placement, health information, and home construc- 
tion. Most homeowners submitted complete questionnaires. 


Procedure 


This paper describes the indoor radon situation as it existed in the three 
geological provinces that comprise the terrane of contiguous Fairfax County 
and Montgomery County. The three Appalachian provinces are: the Coastal 
Plain, the Culpeper Basin, and the Piedmont. The indoor radon values are 
for the winter of 1986-87, the spring of 1987, and the summer of 1987. The 
number of homeowners participating in this study is continually increasing, 
and from the start of the study in the fall of 1986 through the summer of 1987, 
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approximately 1230 homes had been entered into the study. Each month about 
100 new homes are added, and the present number of participants account 
for about 0.5% of the total homes in Fairfax County and 0.1% of the homes 
in Montgomery County. The goal of the project is to report on 1% of the 
total area homes. The test series requires the homeowner to participate in the 
entire four season testing period. Each of the four radon measurements costs 
the homeowner $25.00. The homeowner provides an exact location on a county 
map, which when compared to a geological map, made it possible to identify 
the geologic rock unit underlying the home. The conclusions are based on 
three-month indoor radon measurements using alpha-track radon monitors 
provided by Terradex Corporation of Illinois. After the exposure period, the 
monitors are returned to Terradex for analysis. Terradex develops the film in 
the monitors, measures the “‘tracks” produced by the decay of radon progeny 
near the film surface and calculates the average amount of indoor radon 
recorded by the film. 


Discussion 


The three Appalachian provinces that comprise the terrane of northern 
Virginia [17, 19], southern Maryland [20, 21] and the adjacent District of 
Columbia [22, 23] are the Coastal Plain, the Culpeper Basin, and the Pied- 
mont. The Coastal Plain Province is located along the eastern edge of the 
study area. It consists of poorly cemented clastic sedimentary strata, mostly 
layers of clay and sand, that were deposited during the opening of the modern 
Atlantic Ocean. These deposits were formed between about 130 million years 
ago and the present. The western margin of the study area is part of the 
Culpeper Basin, a fault-bounded valley containing terrestrial clastic rocks 
(siltstone, sandstone, conglomerate) along with extrusive and intrusive igneous 
rocks (diabase) that were all deposited during the Mesozoic Era, about 190- 
150 million years ago. The Piedmont Province extends from Maine to Georgia, 
and rock units of this province underlie most of the central part of the Maryland 
and Virginia study area. These rock units are composed of metamorphic and 
igneous rocks that were formed during mountain-building episodes of the 
Palezoic Era, about 600-300 million years ago. 

There are two common methods for measuring indoor radon, the charcoal 
method and the alpha-track method. An early part of our study showed that 
measurements by the activated charcoal method vary considerably from those 
of the alpha-track method, probably because the indoor radon level varies 
considerably over short time intervals [24]. Based on this observation, and 
the assumption that the longer test interval provides a closer estimate of the 
average yearly radiation dose rate, the present study reports only data obtained 
by the alpha-track method over 90-day measuring intervals. 

Terradex claims a + / —10% accuracy at 4 pCi/I for a 30-day exposure. The 
actual uncertainty depends primarily on the measurement interval and the 
amount of radon in the exposure rgom. Pending the results of a more detailed 
study currently in progress, our estimate for the accuracy of the 90-day ex- 
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posure used in this study is +/—200 times the reciprocal of the measured 
radon concentration (e.g., at 2 pCi/l the accuracy is considered to be 200 x 
0.5 = +/—100%, and at 20 pCi/I the accuracy is 200 x 0.05 = +/—10%). 
We find no evidence that the inaccuracies yield measurements that are mostly 
too low or mostly too high. These considerations lead us to believe that 
individual homeowners may have obtained some measurements that were 
higher or lower than their actual radon concentrations, and for that reason 
we advise homeowners to contemplate remedial work only after measuring 
indoor radon over several seasons. The random nature of the possible inac- 
curacies lead us to believe that the compilations obtained by large groups of 
homes such as are presented later in this paper are reasonably correct. We 
are encouraged in this belief by noting that when the geology, weather and 
home construction in the contiguous counties in this report are studied sep- 
arately, their radon characteristics are essentially identical. Identical results 
should occur because these counties have the same geology, the same weather 
conditions, and the same general spectrum of home construction. 

Radon gas itself does not constitute the major health problem because it is 
breathed in and out. The significant inhalation exposure results from the alpha- 
radiation of the radon daughter products. Even with their short range and 
weak penetrating power, they can do great local damage. Basal cells in the 
bronchial epithelium of the lungs are the generally accepted sites for cancer 
induction. Inhalation of radon progeny produces a somatic rather than genetic 
effect. This is because the short half lives of the radon progeny permit dis- 
integrations to occur on the epithelial lining before the mucous clearance 
system of the body has a chance to remove the particle from the lungs. The 
body can repair slight damage from radiation, but if the rate at which cells 
are damaged is greater than the rate of repair cumulative damage will occur. 

Table 1 reports the incidence of lung cancer in this study of northern Virginia 
and southern Maryland along with the indoor radon characteristics of these 
homes. Only those homes in which a person developed lung cancer and resided 
in the same home for five years or longer are noted. The EPA [25] has 
established that there is no safe level of ionizing radiation, and the risk at- 
tributable to radon exposure is not well defined. The latest risk estimates 
determined from various risk projections models suggests that about 10% of 


Table 1.—Relationship Between Indoor Radon and the Development of Lung Cancer in the Study Area 


Total Number *Number of Median Indoor % of Lung % of Lung 
Homes Surveyed Homes With Radon in Lung Cancer Homes Cancer Homes 
Season** For Lung Cancer Lung Cancer Cancer Homes <3 peri > 3 pci/1 
Winter SBi7/ 5) GLa %) 5.4 pCi/I 0% 100% 
Spring 526 8 (1.5%) S35) 28 71 
Summer 857 ie 124 GZ) 3.4 36 64 


“To compile this column, only those homes in which the lung cancer case had lived in that home for 
more than five years are tabulated. 

**Indoor radon tends to be at its highest level in the winter and lowest in the summer. To properly 
estimate the radiation dose rate, it is necessary to measure the radon level throughout the year, and then 
calculate the average dose rate. 
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the lung cancers in the U.S. may be attributable to indoor radon exposure 
[26]. 

In the present study, approximately 1.5% of all the homes were occupied 
by a person who had lived in the home for more than 5 years and had developed 
lung cancer. The median indoor radon levels in the homes with a lung cancer 
Occupant are higher in all three seasons than the seasonal medians for the 
entire group (Tables 2, 3, 4). In general, indoor radon tends to be highest in 
the winter. No homes with less than 3 pCi/1 of radon in the winter had a long- 
term occupant with lung cancer. 

Tables 2, 3, and 4 show statistics for indoor radon measurements compiled 
according to geologic rock units for three testing periods. Rather than using 
formal geologic mapping unit names, generalized rock types that occur in the 
study area are indicated. 

The results of the winter testing interval indicated that the indoor radon 
levels were about twice as high as anticipated [27]. Table 2 shows that the 
median radon value in the Coastal Plain province was 2.6 pCi/I, the Culpeper 
Basin was 3.8 and 2.7 pCi/I for diabase and sedimentary rocks respectively, 
and the Piedmont gave the greatest variation from 2.9 pCi/l for granitoid 
rocks to 5.4 pCi/I for phyllite. For Fairfax County, 44% of the homes were 
above 4 pCi/l, 8% were above 10 pCi/] and 2% above 20 pCi/1l. For Mont- 
gomery County, approximately 50% of the homes had indoor radon levels 
above 4 pCi/liter, 17% of the homes had indoor radon levels above 10 pCi/1, 
and about 3% were above 20 pCi/1. 

The results for the spring testing interval are given in Table 3. The median 
indoor radon value in the Coastal Plain province was 1.7 pCi/1, the Culpeper 
Basin was 1.7 and 2.3 pCi/| for diabase and sedimentary rocks respectively, 
and for the Piedmont province the value ranged from a low of 2.3 pCi/I for 


Table 2.—Indoor Radon Level in the Piedmont, Culpeper Basin and Coastal Plain Provinces ys Soil 
Chemistry for 11/1/86 to 1/31/87 


Homes above 


Median (i Homes Data From 
Rock Unit Radon 4 pCi/1 10 pCi/I 20 pCi/1 Tested Basements 
Piedmont 
Phyllite 5.4 pCi/1 63% 6% 3% 32 30 
Mafic Schists S28 50 ite 6 18 16 
Gneiss 313 36 7 0 87 77 
Mica Schist 4.9 65 18 5 141 126 
Granitoid Rocks 2.9 25 0 0 36 28 
Culpeper Basin 
Diabase-Hornfels 3.8 40 0 0 10 9 
Sedimentary Rocks 2a, 32 = 0 28 22 
Coastal Plain 13 0 38 29 
Sedimentary Strata 2.6 
All Homes* 
Fairfax Co., VA | 44 8 2 319 278 
Montgomery Co., MD 4.0 50 Aa, 3 71 59 


“Homes are continually added to the survey so the winter, spring, and summer intervals reflect an 
increasing number of total homes. 
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Table 3.—Indoor Radon for the Piedmont, Culpeper Basin, and the Coastal Plain Provinces vs Soil 
Chemistry for 2/1/87 to 4/30/87 


Homes Over 


Median sow Se Number of Data From 
Rock Unit Radon 4 pCi/1 10 pCi/1 20 pCi/1 Homes Basement 
Piedmont 
Phyllite 3.2 pCi/l 40% 4% 3% 67 3) 
Mafic Schists Al] 24 5 0 2 19 
Gneiss 2.5 74} 4. 1 147 126 
Mica Schist 3.6 46 12 3) 205 173 
Granitoid Rocks 2.3 21 D 0 61 50 
Culpeper Basin 
Diabase & Hornfels ikoy 18 0 0 17 14 
Sedimentary Rocks Mp 21 5 0 56 40 
Coastal Plain 11 0 63 47 
Sedimentary Strata 127 
All Homes 
Fairfax Co., VA Qa 31 5 1 560 466 
Montgomery Co., MD 313 39 WA 3) V 60 


granitoid rocks to a high of 3.6 pCi/I for schist. Approximately 35% of the 
homes had indoor radon levels above 4 pCi/l, 8% of the homes had levels 
above 10 pCi/l, and 2% were above 20 pCi/I. three provinces. The median 
indoor radon value in the Coastal Plain province was 1.7 pCi/I, the Culpeper 
Basin was 1.5 and 1.9 pCi/I for diabase and sedimentary rocks respectively, 
and the Piedmont gave the greatest variation from 1.6 pCi/l to 2.9 pCi/I for 
the mafic schist (metamorphosed mafic to ultramafic intrusive rocks) and the 
mica schist units respectively. Fairfax County showed 19% of the homes ex- 
ceeding the 4 pCi/I level, 2% exceeding the 10 pC1/I level and no homes were 
found over the 20 pCi/1 level. For Montgomery County, 25% of the homes 
exceeded the 4 pCi/I level, 3% were above the 10 pCi/I level and 1% exceed 
the 20 pCi/I indoor radon level. Overall, the winter season indoor radon levels 
are considerably higher than those for the spring season, and the summer 
period show the lowest values. We believe that these lowered spring and 
summer values probably result from increased ventilation (open windows, 
Gtc) 

A few states are better characterized than others in terms of having indoor 
radon surveys done all over the state. These states include Maine, New York, 
Oregon, Washington, New Jersey, and Pennsylvania. Both the northeast and 
the mountain state regions show elevated levels of indoor radon and it has 
been suggested that these elevated indoor radon levels may be related to the 
widespread occurrence of granite rocks in these areas [27]. However, it is 
interesting to note that in the present study, the phyllite and mica schist rock 
units in the Piedmont Province showed the highest values for indoor radon. 
Homes over the granitic rocks show lower median radon for the winter (2.9 
pCi/l), spring (2.3 pCi/l), and summer (2.0 pCi/1) test periods, and these 
homes over the granitic rocks also show a lower percentage of homes above 
the 4 pCi/I level. 
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This apparent contradiction illustrates that hasty assumptions should not be 
made concerning rock type and indoor radon potential. In the study area the 
largest granitoid plutons are the Falls Church tonalite and the Occoquan 
granite. In general, it is alkali-rich granites that are also enriched in uranium 
relative to other plutonic rocks. ““Tonalite” is an alkali-poor granitoid, and 
the composition of the Occoquan granite is only of intermediate alkali content 
[17]. Furthermore, an airborne radiometric survey of Fairfax County [28] 
shows a distinctly low count of gamma radiation in the area of the Occoquan 
pluton, indicating low potassium, uranium, and thorium relative to phyllite 
and mica schist in the county. The gamma radiation only emanates from the 
upper 1/3 meter of the soil, but analyses of fresh bedrock samples by instru- 
mental neutron activation analysis confirms low abundance of uranium in the 
Occoquan granite (approximately 2 ppm U in the Occoquan granite compared 
to 4 ppm U in the phyllite and 5 ppm U in the mica schist.) Before assuming 
that a granite pluton will be a source of high radon potential, the type of 
granite that it is should be considered, and even more so, indicators of its 
uranium content should be sought, such as aeroradioactivity signature. 

The observed elevated indoor radon levels can also be attributed to variables 
other than rock type and weather. Some component of the variation can be 
associated with home construction. A preliminary data base [25] on the na- 
tionwide distribution of indoor radon shows a correlation between basement 
and non-basement radon statistics. Other studies [29-32] have also shown a 
correlation with home structure. These data summaries, however, are, for the 
most part, either over very large areas, such as an entire state with a random 
selection of homes, or for a relatively small area, such as a single small group 
of homes. 

The results of our study of approximately 1230 homes over almost 700 square 
miles were also correlated with home construction. Table 4 presents a com- 


Table 4.—Indoor Radon for the Piedmont, Culpeper Basin, and the Coastal Plain Provinces vs Soil 
Chemistry for 5/1/87 to 7/30/87 


Homes Over 


Median a Number of Data From 
Rock Unit Radon 4 pCi/I 10 pCi/1 20 pCi/l Homes Basement 
Piedmont 
Phyllite 2.9 pCi/I 30% 4% 1% 105 89 
Mafic Schists 1.6 18 0 0 45 38 
Gneiss yb 13 2 0 284 231 
Mica Schist 2.9 34 3 1 316 262 
Granitoid Rocks 2.0 12 1 0 99 83 
Culpeper Basin 
Diabase & Hornfels 5 0 0 0 29 22 
Sedimentary ies) 15 4 0 67 54 
Coastal Plain 5 1 0 114 93 
Sedimentary Strata |e 
All Homes* 
Fairfax Co., VA Za 19 2 0 862 698 
Montgomery Co., MD 2.4 25 3 1 263 [ips 


*The total number of homes included a few homes for which the rock unit could not be determined. 
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parison between indoor radon and home floor level for all three seasons. The 
results of the present study show that indoor radon values in each season were 
higher for the winter season in basements where the walls are all or mostly 
covered by soil. For the winter period about 50% of these rooms exceeded 
the 4 pCi/I value, 32% of the rooms exceeded this value for the spring period, 
and 20% of the rooms for the summer period (Table 5). In homes in which 
the radon concentration was measured in a room above ground level, the 
indoor radon concentration was above the 4 pCi/I level in only about 25% of 
the rooms during the winter period, about 16% of the rooms during the spring 
and about 12% of the rooms during the summer period. Presumably, the 
greater radon concentrations found in basements as compared to above ground 
level rooms is due to the site of radon origin. Radon enters the home primarily 
from soil immediately adjacent to floors and walls. The low radon concen- 
tration in outside air is a relatively insignificant contributor to indoor radon. 
The results show that while geology and weather both play a major role in 
the observed indoor radon values, the presence of a basement is also a con- 
tributing factor. 

Table 6 shows a relationship between the indoor radon values and the 
composition of basement walls. For the winter interval, the median indoor 
radon value observed for homes in Fairfax County were 4.0 pCi/I for mea- 
surements in concrete block wall basements, 3.3 pCi/l for measurements in 
poured concrete wall basements, and 2.5 pCi/l for those homes with no base- 
ments. The values for the spring and summer intervals are lower, but follow 
the same trend as observed for the winter period. There were dramatic dif- 
ferences observed in the percentage of homes over 4 pCi/l. For the winter 
interval in Fairfax County, 49% of the measurements in concrete block wall 
basements exceeded this value, 37% of the measurements in poured concrete 
wall basements exceeded this value, and for homes with no basements, 26% 
of the measurements exceeded this value. For the spring interval, concrete 
block basement wall construction showed 32% of the homes exceeding the 


Table 5.—A Comparison of Indoor Radon and Floor Level for the Winter, Spring and Summer Intervals 


Walls are all or Mostly Walls of Room are 
Covered by Soil* Above Soil 
Winter Spring Summer Winter Spring Summer 
Fairfax Co., VA 
Median Radon (pCi/1) 3.8 9) 2.4 2.4 1.6 1.6 
% Above 4 47 32 20 21 16 11 
% Above 10 9 6 2 5 14 1 
% Above 20 2 2 0 0 0 0 
Number of Homes** 276 460 691 39 74 124 
Montgomery Co., MD 
Median Radon (pCi/1) 4.4 3.8 2.5 ei) 1.8 19 
% Above 4 53 46 26 33) 17 19 
% Above 10 17 12 4 22 17 0 
% Above 20 3 2) 1 11 8 0 
Number of Homes** 59 59 22D 9 12 Di 


“More than 90% of the homes measured radon in the lowest livable level. 
**Homes are continually added so the seasonal intervals reflect a different number of total homes. 
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Table 6.—Comparison Between Indoor Radon and Composition of Basement Walls for the Winter, 
Spring, and Summer Intervals 


Winter Interval 1986* Spring Interval 1987* Summer Interval 1987* 
Concrete Poured Concrete Poured Concrete Poured 
Block Concrete No Block Concrete No Block Concrete No 
RADON Walls Walls Basement Walls Walls Basement Walls Walls Basement 
Fairfax Co., VA 
Median (pCi/1) 4.0 aro De 2.9 Da, 1.5 2.4 Be 1.3 
% Over 4 pCi/l 49 37 26 32 26 11 PA 17 ji 
% Over 10 pCi/I 10 6 0 5 6 0 0 3 0 
% Over 20 pCi/1 3 1 0 2 1 0 0 0 0 
No. of Homes** 196 94 19 340 161 35 525 247 58 
Montgomery Co., MD 
Median (pCi/I) 4.6 4.4 Ley 3.4 3.6 1.8 23 2.8 7 
% Over 4 pCi/1 56 53 0 43 45 0 25 27 0 
% Over 10 pCi/1 21 13 0 16 5 0 4 2 0 
% Over 20 pCi/1 6 0 0 4 0 0 1 0 0 
No. of Homes** 48 15 3 49 20 4 181 60 9 


*00+ % of the basement data is from the lowest livable home level. 
**Homes are continually added so the seasonal intervals reflect a different number of total homes. 


4.0 pCi/I level while poured concrete wall construction showed 26%, and 11% 
of the homes with no basement exceeded this limit. For the summer interval, 
21% of the measurements in concrete block basements exceeded the 4.0 
pCi/1 level, while 17% of the homes with poured concrete wall basements and 
7% of the homes with no basement exceeded this limit. For homes exceeding 
both the 10 pCi/1 and 20 pCi/I1 levels, the same trends were observed. Similar 
results were found in Montgomery County. Presumably, the differences be- 
tween concrete block walls and poured concrete walls are due to a greater 
tendency of the block wall to develop cracks and to be permeable to the flow 
of radon gas. The difference is significant because it occurs in all seasons, 
even when the heating system of the home is not used. 

Table 7 shows the indoor radon levels in several adjacent areas. The lo- 
calities in which tests were made were: Loudoun and Prince William Counties 


Table 7.—Indoor Radon in Other Localities 


Number Median % Over % Over Maximum 
Locality of Homes Season Radon 4 pCi/1 10 pCi/I Radon 
Loudon County, VA 
18 Winter 4.3 pCi/1 56% 22% 20.8 pCi/1 
24 Spring 3.0 38 21 16.2 
33 Summer DS 24 6 15.8 
Prince William County, VA 
14 Winter 3.8 50 0 8.5 
18 Spring 2.8 22 6 1V2 
33 Summer 2:3 12 0 6.9 
Washington, D.C. 
4 Winter jg 0 0 2.6 
6 Spring 1.8 17 0 5.1 
18 Summer 137 22 0 5:2 
Prince Georges County, MD 
6 Winter 21 35, 17 19.7 
6 Spring 1.8 33 17 19,7. 
51 Summer jb 13 5 33.0 
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in Virginia, Prince Georges County in Maryland and Washington, D. C. These 
counties are very similar in geology, weather, and home construction to Fairfax 
and Montgomery Counties. Although the data sets with less than ten homes 
represent a statistically insufficient size, it is interesting that even with a small 
number of measurements, the same trends are noted. 


Conclusions 


The problem of indoor radon and its progeny has been well documented. 
Many studies of the indoor radon problem have concentrated on large geo- 
graphical areas with a random selection of test sites. The present study, to 
overcome the randomness of widely varied measurements, concentrated on 
achieving results from 1% of the homes in two contiguous counties. Indoor 
radon values are a serious problem in the Washington metropolitan area. 
About 1.5% of the homes have residents that lived in their homes for at least 
5 years were found to have developed lung cancer. Observed radon values in 
the present study can be correlated with the geology, the season, and home 
construction. The Piedmont Province (particularly the schist and phyllite rock 
units) gave the highest median indoor radon values, 5.4 pCi/I for the winter 
period, 3.2 pCi/I for the spring season and 2.9 pCi/I for the summer season. 
Homes in the Culpeper Basin gave generally lower median radon values, and 
the Coastal Plain homes gave the lowest median indoor radon. Winter mea- 
Surements were higher than either spring or summer values due to the de- 
creased influx of outside air in the colder season. Construction variables are 
less well studied, but it is clear that basement rooms tend to have greater 
radon concentrations than above ground rooms. Basements with concrete 
block walls tend to have higher radon concentrations than basements with 
poured concrete walls, presumably because concrete block is more likely to 
be permeable and to develop fractures. A combination of factors can be used 
to develop a description of the worst-case situation: a winter measurement in 
the concrete block basement of a home built over the schist rock unit of the 
Piedmont Province. In a similar fashion, a situation of lowest indoor radon 
can also be described: a summer measurement in an above ground level room 
of a home built over the sedimentary strata of the Coastal Plain Province. 
About 70% of the homes with the worst-case combination of factors were 
above 4 pCi/1. Less than 10% of the homes with the factors that are associated 
with reduced radon concentration were above 4 pCi/I. It is obvious that with 
some care, a potential homeowner can select a home with a climate, geology 
and construction compatible with low indoor radon concentration. It is also 
obvious that the owners of presently occupied homes can be alerted to a 
potential indoor radon problem is the effects of climate, geology, and home 
construction are reasonably well understood. 
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ABSTRACT 


A rapid method used for the separation of immunoglobulins from albumins in serum 
is described. Two traditional methods employing ammonium sulfate protein precipitation 
and dialysis followed by column chromatography were compared with our method of 
direct ion-exchange chromatography of rabbit sera. Our method employed a 25 gm DEAE- 
cellulose ‘“‘cake,’’ which allowed for complete separation of the globulins from 10 ml of 
serum in one hour. The serum was layered directly onto the ‘‘cake”’ and the albumin 
proteins were adsorbed on the resin. This process resulted in an average recovery of 89% 
of the total globulins present in the serum. The immunoglobulins were eluted with 0.005 
M phosphate, pH 7.0 saline buffer and the albumins were released only after addition of 
a 1:1 mixture of 1.5 M NaCl and 0.1 M phosphate buffer, pH 7.0. The traditional 
purification methods took approximately 2—3 days to obtain a smaller quantity of globulins 
as compared with the ‘‘cake”’ method. Not only does the ‘‘cake”’ method reduce the time 
needed for protein separation, but it also obviates the need for choosing between protein 
denaturation or the discomfort and inconvenience of cold-room chromatography. This 
method of separation has many applications in immunochemical studies. 
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Introduction 


Efficient and simple processing of valuable antisera serves many disciplines 
using the tools of immunology. Immunoglobulins are fractionated for studies 
involving antibodies and specific antigens. Serum processing has traditionally 
employed separation of the composite proteins through precipitation with 
ammonium sulfate under refrigeration, followed by dialysis in a cold room. 
Fractionation procedures must be carried out in the cold room to ensure that 
the target globulin component proteins do not denature and lose serological 
activity. To meet these criteria, the procedure requires addition of ammonium 
sulfate to levels of 50% saturation (291 g/l) followed by centrifugation of the 
protein suspension. Next, the precipitate is continually washed under refrig- 
eration with an ammonium sulfate solution (1.75 M) until white. This step 
serves to remove the hemoglobin, albumin and other unwanted proteins, while 
the globulin component proteins remain in the precipitate. This precipitate is 
then dissolved in a phosphate buffer and dialysed overnight against water. 
Subsequently, precipitated lipoproteins are removed by centrifugation. The 
supernatant fluid is again dialysed overnight against a phosphate buffer. The 
resulting mixture of globulin proteins may be fractionated on a chromato- 
graphic column containing any one of numerous protein separating resins. As 
these proteins are eluted off the column, fractions are obtained and absorbance 
read at 280 nm. Because of the various biochemical properties of the proteins 
and the separating resins, the serum globulin protein composite is fractionated 
into the component parts (IgA, IgG, IgM, etc.). These component fractions 
are re-precipitated with ammonium sulfate and again dialysed in a cold room. 

This traditional procedure requires about three days of effort to obtain the 
individual globulin fractions, with considerably discomfort and inconvenience 
for the scientists working in a cold room. In this communication, we present 
a rapid and efficient method for separation of the immunoglobulins from other 
protein components in serum. This method also prevents loss of activity through 
denaturation over long periods of time. 


Materials and Methods 


Sephadex and Sepharose Separation: 


Standard ammonium sulfate protein precipitation procedures (Kendall, 1937) 
were used on 5 ml commercially (GIBCO) obtained rabbit serum. The crude 
precipitated globulin fraction was dialysed in a cold room, overnight, against 
pH 7.0 buffered saline (PBS) to remove the sulfate ions. The dissolved protein 
content contained in the fraction was measured by Lowry assay (Lowry et al., 
1951). The heterogenous immunoglobulin fractions were stored at —15° C 
until further separation. A G-25 Sephadex (Pharmacia) column, 25 x 1 cm’, 
and a Sepharose 4B (Pharmacia) column, 50 x 1 cm’, were used to fractionate 
0.5 and 5 ml, respectively, of the crude protein solution. The separation of 
the protein components with these columns was carried out in a cool room 
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(16° C), using 0.01 M PBS to elute the globulins from the columns. Protein 
determinations were made on 1 ml effluent fractions by the Lowry assay. 
Standard curves, employing bovine serum albumin (BSA) protein (SIGMA), 
were used to convert these readings to mg of protein per ml of effluent. 


DEAE-Cellulose Separation: 


A modification of the methods described by Sober and co-workers (1956) 
was made. A 25 g portion of DEAE cellulose (SIGMA) was hydrated by 
suspension in 500 ml of 0.1 N HCl and stirring for 30 min hour at room 
temperature. The resin was filtered through a Buchner funnel and vacuum 
applied to remove most of the liquid. The resin was suspended in 500 ml of 
0.1 N NaOH, slowly stirred for 10 min and filtered as before. The resin was 
continually washed with 0.01 M phosphate pH 7.0 saline buffer until the filtrate 
was also neutral. The neutral DEAE-cellulose resin was suspended in 200 ml 
of the same buffer containing 1: 10,000 merthiolate as a bacteriostat. The resin 
was held under vacuum for at least 30 minutes to remove trapped air bubbles. 
The hydrated DEAE-cellulose resin-slurry was poured along a glass rod into 
a 25 x 4.5 cm? chromatography column, the resin allowed to settle and the 
buffer eluted from the packed resin to form a cake. Ten milliliters of com- 
mercially obtained, undialysed rabbit serum (GIBCO) was carefully layered 
onto the DEAE-cellulose “‘cake”. The component protein fractions were eluted 
from the “‘cake” with 0.005 M phosphate buffered, pH 7.0. The void volume 
was eluted and fractions of 1.0 ml collected to determine protein content by 
the modified Lowry method (1951). After all globulin fractions were eluted 
saline buffer, at a 10-fold concentration, was used to elute the albumin protein 
peak. After each protein separation the “‘cake”’ was washed with a 1:1 solution 
of 8.5% NaCl: pH 7.0, 0.01 M phosphate buffer, followed by a wash of 0.01 
M phosphate buffered saline to allow reuse of the resin. The resin was stored 
under vacuum to prevent carbonation. 7 


Results and Discussion 


Patterns of globulin protein separation from dialysed ammonium sulfate 
precipitated serum are presented in Figure 1. Under the conditions described, 
the time for separating the component proteins on the Sephadex G-25 column 
was about 6 hrs. on Sepharose 4B separation was complete after 8 h. The 
recovery, as a percent of the initial protein on the Sephadex G-25 column, 
was a very efficient 97% and that on the Sepharose 4B column was a less 
efficient 60%. It was observed, however, that the Sephadex G-25 column was 
only efficient when relatively small samples were applied. Because of the long 
separation times for the Sepharose 4B and Sephadex resin, protein denatur- 
ation could occur unless maintained at low temperatures. 

The typical pattern for serum protein fractionation on the DEAE-cellulose 
“cake” is illustrated in Figure 2. Very good recovery efficiency (89%) of the 
original protein content was obtained. Comparatively large samples of the 
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Fig. 1. Fractionation of ammonium sulfate precipitated and dialysed globulin proteins on Sepharose G- 
25 and Sephadex 4B columns. 


unprecipitated, undialysed serum were used in this procedure. The entire, less 
cumbersome procedure, took about one hour, and therefore, protein dena- 
turation was minimized even at room temperature. It was also observed that 
the ratio of serum to DEAE-cellulose resin determined, in part, the purity of 
individual globulin protein components. The lower ratio allowed more distinct 
peak separation. 

For the purpose of many immunochemical studies, the method described 
above provides a quick and simple procedure for gross fractionation of glob- 
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Fig. 2. Fractionation of component serum pro- 
teins on a DEAE-cellulose ‘‘cake.”’ 


110 ELVIRA L. PAZ AND NORMAN J. STERN 


ulins from serum. It is recognized that further purification would be necessary 
for obtaining more refined fractions. This DEAE-cellulose “cake” method 
obviates the need for precipitation, dialysis and cold-room discomfort when 
compared with traditional methods. 
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ABSTRACT 


The composition and produciton of the extracellular viscous material (EVM) secreted 
by Campylobacter jejuni was characterized. The materials detected by fluorescent antibody 
staining appeared to be a major and consistent antigen associated with a variety of strains 
of C. jejuni. The EVM enmeshed these cells and provided a lattice work causing autoag- 
glutination. The EVM was present early (6 h) in the growth phase of the organism and 
the composition was relatively stable through the 48 h of analysis. This material contained 
substantial proteins, carbohydrates and nucleic acids, with only small amounts of lipid 
detected. Hypotheses for the role of the EVM are made in consideration to this large 
metabolic investment made by C. jejuni, even under in-vitro growth conditions. As the 
function of the EVM is determined, knowledge of the composition of the material will 
aid to elaborate the physiology of the organism and aid in the control of foodborne disease. 


Description of the presence and role(s) of extracellular material is useful 
when considering the environment of bacteria. Such studies can yield insights 
to pathogenesis involved in host-parasite relations, acquisition of nutrients, 
and potential defense mechanisms involved in protecting an organism from 
deleterious environments. These materials also may serve as the primary an- 
tigenic substance when infection does occur. 

The terms bacterial slime, capsule, glycocalyx,’ lipopolysaccharide (LPS),’ 
outer membrane’ and cell wall, each describe materials synthesized by bacteria 
outside of the cytoplasmic membrane. The descriptive makeup and analysis 
are dependent upon the means used to separate the bacterial cell from these 
materials. Lysozyme, EDTA, detergents, heat, acid and alkalai treatments 
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have been useful in separating these materials from the cell. However, con- 
siderable caution is necessary to ensure exclusion of inner membrane and 
cytoplasmic materials when using even mild means for extraction. 

In our work, Campylobacter jejuni grown in biphasic medium was used for 
antisera production. Upon microscopical observation of the sensitizing agent, 
coinsistent autoagglutination of the cells was observed. This observation was 
previously reported by Lior et al.° During growth of campylobacters a slime- 
like material is produced and this material adheres to inoculating loops and 
sticks to culture flasks. This viscous material is present in broth systems and 
on agar plates. We term this slimy material EVM because of its extracellular 
and viscous nature. 

Whole cells and EVM were used for the production of antisera. These sera 
were fractionated by a modification of Sober et al.,’® (Paz and Stern, 1982, 
Abstr. Ann. Meet. Am. Soc. Microbiol.) to obtain a fluorescent conjugate 
for the purpose of detecting C. jejuni. Fluorescent microscopical observations 
of antibody-antigen complex highlighted a strand-like matrix which encom- 
passed the agglutinating mass of cells. This observation and the characteristic 
viscous nature of C. jejuni'® suggested further research on the separation, 
composition and production of the EVM produced by C. jejuni. 


Materials and Methods 


C. jejuni strains USN 312 and KC 1574 were obtained from J. Coolbaugh 
(Naval Medical Research Institute, Bethesda, MD) and R. Weaver (Center 
for Disease Control, Atlanta, GA), respectively. Strains of Campylobacters 
from pig, calf, turkey and lamb feces were isolated at the Beltsville Agricultural 
Research Center, C. jejuni, (C. fetus ssp. jejuni) ATCC 29428, was obtained 
from the American Type Culture Collection (Rockville, MD). 

Stock strains were grown in fluid thioglycollate medium at 42° C for 16-18 
h and maintained at 4° C. These stocks were used to inoculate a biphasic 
system™ containing 25-ml agar overlayed with 25-ml of broth contained in a 
75 cm? tissue culture flask (Corning #25110; Corning, N.Y.). These flasks 
were incubated in air at 42° C at 40 opm, overnight. One milliliter of the 
resulting culture served as inoculum for each of 12 biphasic system flasks. 
Three flasks were removed from the incubator at 6, 18, 24 and 48 h for 
subsequent analyses. The contents of each flask were harvested by centrifu- 
gation (16,000 x g, 10 min) and washed once with 25-ml saline pH 7.0, thus 
removing soluble or unmetabolized nutrients in the spent culture. 

At each selected time interval, the resulting sediment from one flask was 
extracted twice for 30 minutes by solubilizing components at 42° C with 10- 
ml of 0.01 M carbonate/bicarbonate pH 9.5 buffer. The sediment was ex- 
tracted twice more in 10-ml of 0.01 M tris pH 7.5 buffer. These extracts were 
analyzed and results calculated on a per ml of the original broth volume basis. 
Samples of the extracted cells were observed under phase-contrast microscopy 
and with differential (aceto-orcin and DPAI) stains. Plate counts of the cam- 
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pylobacters were performed before and after the extraction. The sediment 
from the second flask was extracted four times with 10-ml of 0.15 M NaCl at 
42° C for 30 min per extraction. The sediment from the third flask was first 
resuspended in 10-ml of saline with 4% Triton 100 x (Sigma) for 30 min at 
42° C; subsequently, extractions were made in the carbonate/bicarbonate, pH 
9.5 buffer followed by the 0.01 M tris pH 7.5 buffer described above. Each 
of the above samples from the three extraction procedures, at each of the 
four time intervals was analyzed as follows: Lowry’ determinations were done 
for protein quantitation; carbohydrates determined by phenol colorimetric 
assay;> RNA content quantitated by the orcinol method;* and DNA assessed 
by diphenylamine methods described by Seibert.’ Six repetitions for analyses 
and production of EVM were performed. 

Resulting residual fragments from each flask were extracted by 5% cold 
and hot trichloroacetic acid.'? Samples were quantitated for nucleic acids, 
carbohydrates and proteins using methods described above. After this ex- 
traction, residues were treated with 10-ml hexane and 10-ml of 80% methanol 
for 30 min to obtain lipid components and free sugars which had been asso- 
ciated with the cell membranes. The remaining residue was hydrolyzed with 
3-ml of 2 N HCl for one hour at 1100° C. The hydrolysate was neutralized to 
pH 7.0 with NaHCO; and analyzed for selected components. Selected lipid 
and carbohydrate fractions were analyzed for composition by gas-liquid chro- 
matography. Methods for carbohydrate analysis are described by Li and 
Schuhmann‘ and for fatty acids as described by Slover and Lanza.'® 


Results and Discussion 


We investigated the use of fluorescent antisera to detect the target organism 
among a mixed flora, which would be found in foods. By using unabsorbed 
antisera, inconsistent recovery results were observed. (Stern and Paz, 1982, 
Abstr. Ann. Meet. Inst. Food Technol.). However, when pure cultures of C. 
jejuni were stained with the fluorescent antisera, we observed that the organism 
consistently secreted the antigen, in-vitro, similar to the glycocalyx described 
by Costerton et al.2 A common antigen in campylobacters has been reported.” 
No immunological reaction occurred when non-campylobacter organisms were 
tested in the presence of these antisera. The fluorescent materials which en- 
veloped the C. jejuni in a matrix-like network appeared to agglutinate masses 
of cells. We also noted that upon washing the C. jejuni and conjugate with 
phosphate buffered saline, the entire clump of cells would rinse from the 
gelatin coated slide, although the sample had previously been fixed through 
standard heat and solvent methods. This suggests that the EVM was solubilized 
in the polar PBS. It seems highly unlikely for an organism to expend energy 
in producing the EVM, especially in-vitro, without an important contribution 
to the physiology of the bacterium. We therefore, thought it critical to further 
define and analyze this characteristic secretion. 
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Quantitations of selected components of the EVM are shown in Table 1. 
The washings of the cells at the selected time intervals prior to the component 
analyses eliminated spurious inclusion of soluble nutrients from the growth 
medium. Five- to eight-fold greater quantities of protein in the EVM were 
detected by means of the carbonate/tris extraction as compared with those 
obtained using the saline extraction procedure. The pre-carbonate/tris ex- 
traction use of the Triton 100 liberated the soluble protein fraction from 
the cytoplasm. More than one-half of the total soluble protein was detected 
in the EVM and gives an indication of the metabolic importance served by 
this material. We did see increased protein values from 6 through 48 hours 
incubation, but did not observe the ten-fold increase in protein levels from 
24 to 48 hours as reported by Buck and Parshall (1982, Abstr. Ann. Meet. 
Am. Soc. Microbiol.). This difference might be explained by the different 
growth phase used in each investigation; 1.e., broth vs. agar. Data from our 
study indicated that the protein component of the EVM was secreted by 6h 
incubation, and was not a lysis by-product. 

Smibert’’ reported various methods for extracting cell membranes and an- 
tigens, among these, McBride and Roberstad’ utilized similar extractions with 
high pH buffers such as barbital at pH 8.6 as well as tris buffers, they found 
after 24 h of extraction at 4° C that these relatively stronger methods did not 
destruct the cells, but, with different buffers different antigens were obtained. 


Table 1.—Content of extracellular viscous material produced by Campylobacter jejuni ATCC29428, and 
extracted by carbonate, saline and triton 100 x /carbonate/tris treatments. 


Protein (g/ml) at selected incubation times (h) 


Extraction Method 6 18 24 48 


a) pH 9.5 CO,/pH 7.5 Tris 210 280 210 280 
b) 0.15 M NaCl 30 30 40 50 
c) Triton 100 x /CO,/Tris 360 500 480 450 


Extraction Method 6 18 24 48 


a) pH 9.5 CO;/pH 7.5 Tris 50 40 40 40 
b) 0.15 M NaCl 40 10 20 10 
c) Triton 100 x /CO,/Tris 110 70 90 70 


RNA (g/ml) at selected incubation times (h) 


Extraction Method 6 18 24 48 


a) pH 9.5 CO;/pH 7.5 Tris 21.4 8.7 26.4 3.6 
b) 0.15 M NaCl 8.3 3.6 ED, 0.8 
c) Triton 100 x /CO,/Tris 19.6 9.6 SZ 3.6 


DNA (g/ml) at selected incubation times (h) 


Extraction Method 6 18 24 48 


a) pH 9.5 CO,/pH 7.5 Tris 0.4 1.7 6.8 2.0 
b) 0.15 M NaCl 0.0 1.0 0.5 0.0 
c) Triton 100 x /CO,/Tris 2.4 2G 7S 0.8 
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Buck and Parshall (1982, Abstr. Ann. Meet. Am. Soc. Microbiol.) boiled 
cells for one hour in saline to obtain extracts and filtered the residue. Using 
this treatment intracellular materials may leak out. ““O”’ antigens, including 
the LPS, were released from membrane materials by lysis and/or chloroform- 
methanol extraction. Penner and Hennessey" used 0.12 M tris buffer pH 7.4 
to wash cells. Subsequently they extracted the LPS or “‘O” antigens, and 
removed only extracellular materials and not membrane or intracellular com- 
ponents. Lior et al.” used DNAase to break down the EVM to facilitate 
serotyping by liberating cells from autoaglutination. 

Our extraction methods did not cause lysis of cells, but removed only EVM. 
Saline extraction, followed by dilution in brucella broth, resulted in insignif- 
icant reduction of viable C. jejuni counts (data not shown). The carbonate 
extracted cells, though diluted in brucella broth, decreased two to three orders 
of magnitude of colony forming units. Furthermore, differential stains man- 
ifested membrane integrity with either extraction procedure. The data ob- 
tained after use of Triton 100 x demonstrated that our extraction methods 
left the cells intact. 

Relatively small differences in carbohydrate values were seen when the 
carbonate/tris extraction method was compared with the saline extraction 
method. The trend suggested that consistent quantities of carbohydrates were 
present in the EVM from 6 to 48 h (Table 1). Intracellular concentrations of 
carbohydrate showed the same consistency and is indicated by our data. The 
relatively constant amount of carbohydrates confirms those observations made 
by Buck and Parshall (1982, Abstr. Ann. Meet. Am. Soc. Microbiol.). 

Greater amounts of nucleic acids were quantitated from the EVM when 
the carbonate/tris method was compared to the saline extraction method 
(Table 1). Large portions of the total nucleic acids were found in the EVM 
and in part explains the increased success in serotyping when DNAase is used.° 
It is noteworthy that the organism secreates such a large quantity of meta- 
bolically valuable material. We suggest that the EVM may be a key component 
involved in attachment to the gut prior to colonization. Because of environ- 
mental constraints, an organism would only expend great metabolic effort to 
enhance its niche security or to obtain a competitive advantage. 

The chromatographic analysis of the fatty acid composition verified the 
presence of 3-hydroxytetradecanoic acid as described by Blaser et al.' This 
component was obtained in the Triton 100 x /cold and hot trichloroacetic acid/ 
hexane extraction, but was not seen when the EVM material was extracted 
with hexane, suggesting 3-hydroxydecanoic acid is found only in the cell wall. 
Otherwise, the fatty acid analyses were similar to those described by Naess 
and Hofstad.’ © 

Figure 1 illustrates typical results of gas-liquid chromatographic analysis for 
carbohydrate composition of 24h C. jejuni cultures. The compounds extracted 
by the hexane-80% methanol treatment (Fig 1A) would be representative of 
the soluble sugars while the subsequent acid hydrolysis would yield some di- 
and oligosaccharide sugars indicative of those which may be insoluble and 
membrane bound (Fig 1B). Because mass spectrophotometry was not em- 
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Fig. 1. Chromatrographic tracings indicating carbohydrate composition of Campylobacter jejuni 24 h 
cultures; A) extracted in hexane—80% methanol, B) extracted in hexane—80% methanol followed by 
acid hydrolysis. The following peaks were coincident with reference standards of known retention times: 
a) ribose, b) deoxyribose, c) galactose, d) glucose, e) glucosamine, f) internal standard, and g) maltose. 


ployed in this study, the identities of the sugars cannot be considered as 
confirmed. However, our analyses when compared to known standards are 
generally supportive of the results by Naess and Hofstad’ who found glucose, 
galactose and glucosamines in the lipopolysaccaride extracted by 45% aqueous 
phenol. In addition to these sugars, we found ribose, deoxyribose and maltose 
in both the soluble and insoluble phases of the culture. Ristic and Brandly* 
reported heat stable soluble pentoses from Vibrio fetus. In our study the ratios 
of the soluble sugars, galactose, glucose, and glucosamine, were approximately 
1:1:1, while the insoluble saccharides were not equivalent. These three com- 
ponent sugars probably represent the antigenic makeup of C. jejuni ATCC 
29428, but may not necessarily be indicative of all strains. The pentoses we 
detected may have been precursors or breakdown products of the RNA and 
DNA found in the analysis. 

Many bacterial studies have demonstrated multi purposes for the capsular 
materials. These would include 1) anti-phagocytic protection of the infectious 
agent, 2) protection from desiccation, 3) protection from attack of bacterio- 
phages, 4) serving as an alternative energy source, 5) colonizing attraction 
and 6) reduction of oxygen tension in the immediate surrounding environment. 
These roles were not investigated in the present study but are of keen interest 
in light of the heavy investment of biochemical materials which we observed. 
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ABSTRACT 


One hundred sexually reproductive plants of Lilium iridollae in a population of about 
150 such plants had a mean of 1.13 flowers, 10.35 leaf nodes, 2.29 leaves per node, 5.37 
maximum leaves per whorl, and 22.72 leaves per plant. Flower number was positively 
correlated with all plant-size measurements, except number of nodes per plant. Based on 
flower number per plant, this population seems to be growing under suboptimal conditions. 


Introduction 


The purposes of this paper are to describe the size of plants of the pot-of- 
gold lily, Lilium iridollae Henry, in perhaps the largest of the few remaining 
populations of this species; test the hypothesis that plant size (measured as 
the total number of leaves, the total number of leaf nodes, the largest number 
of leaves per node, and the average number of leaves per whorl) is correlated 
with flower number in sexually reproductive plants; and ascertain the vigor 
of plants of my study population. I define a sexually reproductive plant as a 
shoot that shows evidence of having had at least one flower bud, flower, or 
capsule (that was removed by a presumed herbivore) or actually bears one, 
or more, flower buds, flowers, or capsules. I collected baseline data to be 
used to compare plant size in this population with that in the few other 
remaining populations of L. iridollae and with this same population in the 
future to monitor its vigor. There is no published detailed quantitative study 
of any facet of the biology of L. iridollae, and to my knowledge there is no > 
published paper concerning a plant-size—flower-number hypothesis for any 
of the some 70 living Lilium species. 
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Lilium iridollae is a bulbous perennial found only in the Florida Panhandle 
and adjacent Alabama’; it was named by Henry’ who indicated that it was 
once markedly more common. Adams and Dress? investigated its taxonomic 
relationships with other nodding US Lilium. Flowering plants are up to 20 
dm tall and bear up to eight large nodding flowers with six yellow to yellow- 
orange, 7.5-10-cm-long tepals, each with a basal nectary and marked with 
varying numbers of reddish brown spots of different sizes and (Figure 1). This 
species is classified as G-1 (globally endangered) by the Florida Natural Areas 
Inventory and endangered by the State of Florida. 


Materials and Methods 


I studied a population of about 150 sexually-reproducing plants of L. iri- 
dollae and many seedlings from 16-18 August 1986 in the Florida Panhandle 
during its flowering season. It occurs in a swamp along a stream shaded by 
small trees and shrubs including Clethra, Cliftonia, Cyrilla, Magnolia, Myrica 
Rhododendron, and Viburnum. | recorded the number of leaf nodes, number 


Fig. 1. Three flowers of a single plant of Lilium iridollae. 
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of leaves per node, and number of flowers of 100 sexually reproductive plants 
sampled throughout this population. 

Data were analyzed with SAS computer programs* with nonparametric cor- 
relation tests because frequency distributions of many sets of data are markedly 
skewed, bimodal, or both. Ninety-five percent confidence intervals and ranges 
are reported after means below. 


Results and Discussion 


The 100 plants had 1.13 + 0.08 95% CI (1-3) flowers (NUMFLWR), 
10.35 + 0.55 (5-18) nodes (NODES), 2.29 + 0.14 (1-9) leaves per node 
(AVG), 5.37 + 0.33 (1-9) leaves per whorl in each plant’s largest whorl 
(WHORL), and 22.72 + 1.18 (6-38) leaves (TOTLVS). Three of these 100 
plants had 6-18 leaves, each leaf’s being solitary at a node; the other 97 plants 
had whorls of 2—9 leaves. All five of these parameters are positively correlated 
with each other except WHORL and NODES which are negatively correlated 
and NODES and NUMFLWR which are not correlated using the Spearman’s 
rank-correlation-coefficient test (Table 1); Kendall’s rank-correlation-coeffi- 
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Fig. 2. The number of flowers versus the total number of leaves per plant in 100 plants of Lilium 
iridollae. The kinds of “‘dots”’ represent from 1 to 10 observations with the same coordinates as indicated 
in the key. 
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Table 1.—Correlations between parameters analyzed with the Spearman’s rank-correlation-coefficient 
test’. 


AVG NODES NUMFLWR TOTLVS 
NODES 0.5346 
0.0001? 
NUMFLWR 0.3067 0.1023 
0.0019° 0.3113 
TOTLVS 0.6136 0.2645 0.4002 
0.0001? 0.0078° 0.0001° 
WHORL 0.8177 — 0.2244 0.3618 0.7230 
0.0001° 0.0248° 0.0002° 0.0001° 


'AVG = the average number of leaves per node per plant; NODES = number of nodes per plant; 
NUMFLWR = number of flowers per plant; TOTLVS = total number of leaves per plant; WHORL = 
greatest number of leaves per whorl at any of a plant’s nodes. 

*P values are given below correlation coefficients (rhos). 

=P! /0.05. 


cient test found the same significant relationships among the variables. Be- 
cause photosynthesizing leaves and stems make food for L.-iridollae plants 
while their flowers are developing, one would expect NUMFLWR to be related 
to AVG, WHORL, and TOTLVS. NODES’s not being correlated with 
NUMEFLWR suggests that NODES is not under appreciable, if any, direct 
natural selection with regard to fitness (measured as sexually produced off- 
spring) of this species. 

The marked size variation of reproductive plants in my study population 
suggests that they are genetically variable, growing in different microhabitats, 
or both, and that they would vary in seed-per-flower yield per plant if leaf- 
herbivory and pollination were held constant. Preliminary data on their her- 
bivory indicate that it varies from almost none to about 90% per plant. Her- 
bivores consumed both leaves and floral parts; I found tettigoniid grasshoppers 
eating flowers at night. Several plants had totally severed shoots, sometimes 
cut at their bases as also occurs in Lilium philadelphicum L. in Michigan°. At 
my Florida study population, an unidentified animal(s) chewed two L.-iri- 
dollae plants in many pieces that were left as piles of stems and leaves. Many 
flowers had conspicuous fungus hyphae on one to several of their anthers with 
fresh and old pollen. Livestock, which are known to eat L. iridollae*, did not 
have access to this population. In 1986 in Alabama, where W. Merchant 
separated a L.-iridollae population of about 15 flowering plants from cattle 
with an electrified wire, one of his calves crawled under the wire and ate most 
of the largest plant (W. Merchant, pers. comm.). This might be the only 
remaining L.-iridollae population in Alabama. 

My study population contained flowering plants and many seedlings; how- 
ever, its plants appear to be growing in suboptimal conditions because only 
11% of them had more than one flower, and none had over three flowers 
although this species can bear up to eight flowers*. All of the L.-iridollae 
plants are shaded at least partially by overstory shrubs and small trees, which 
are likely to grow larger, and sequester even more sunlight and other resources 
required by L. iridollae. If succession continues, it is likely to cause a decline 
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in size of this population. Periodic burning of this plant’s habitat could increase 
its population size as it does for other swamp, marsh, and bog plants in 
southeastern United States®. 

Within-population plant size is related to both plant genetics and habitat 
conditions’, and can be positively correlated with reproductive output (e.g., 
number of viable seeds produced per plant) in other liliads. In Chamaelireum 
luteum, flowering probability is correlated with plant size®. In Erythronium 
Japonicum, the number of seeds produced per plant increases with plant biomass’, 
and in E. americanum, the number of ovules, fertilized ovules, unfertilized 
ovules, aborted seeds, and seed and fruit weight are positively correlated with 
plant weight’. 

A combination of phenomena (the plant-size—flower correlation and my 
seeing frequent leaf herbivory of and only rare-pollinator visits to L. iridollae) 
and data from other liliads suggests more hypotheses to test with regard to this 
species. First, flower number and capsule size of an individual plant are cor- 
related with its reproductive output as measured by its number of viable seeds. 
Second, pollinator availability, leaf herbivory level, genetic differences, and 
microhabitat differences affect its reproductive output. A study which analyzes 
these factors simultaneously has not yet been made for any plant species to 
my knowledge. Third, human activities, such as allowing livestock to graze 
on L. iridollae, draining swamps that harbor it, and stopping fires that enable 
successional plants such as this lily to attain large population sizes, decrease 
its population sizes*®. Testing these hypotheses should greatly enhance our 
understanding of the biology and population decline of L. iridollae and suggest 
hypotheses to test about other endangered Lilium. 
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ABSTRACT 


Daniel S. Lamb, M.D., pathologist, medical school professor, museum curator, and 
anthropologist, was a leading figure in Washington, D.C. at the turn of the century. His. 
improvement of post mortem methodology and expansion of pathological collections for 
study reveal insights into his personality and the intellectual, scientific climate of the time. 


The study of the dead has intrigued physicians, especially pathologists, for 
generations. Postmortems were considered essential to learning by increasing 
numbers of physicians throughout the nineteenth century. Convincing the 
public and hospital trustees was a very different matter. Because of their 
careless work the physicians were often their own worst enemies. One phy- 
sician from Washington, D.C., Daniel S. Lamb, was in the forefront of at- 
tempts to systematize and improve the field of postmortem examination. 

The multi-disciplinary nature of his publications reflects Lamb’s broad sci- 
entific interests. While he was the President of the Anthropological Society 
of Washington from 1904-05, he wrote the history of its first 27 years.' He 
contributed to and edited a book length history of the Howard University 
Medical Department.* He presented multiple papers before the Medical So- 
ciety of the District of Columbia, one dealt with the importance of daily health 
inspections of public schools and another described the large collection of 
aneurysms at the Army Medical Museum.’ But his favorite topics were the 
particularly unusual examples from autopsies he performed at hospitals, pri- 
vate homes and even in the cemetery. Among these uncommon cases were: 
the chronic internal hydrocephalus in an 18 month old child whose convolu- 
tions of the cerebrum were much shrunken and sclerosed, the oyster shucker 
who died of croupous pneumonia and pericarditis probably brought on by 
working in a damp place, and finally the infant of apparently healthy parents 
who died at age two months of syphilis.* Lamb, however, suspected the mother. 
At the conclusion of his presentation of postmortem reminiscences in 1903, 
a fellow Medical Society member, Dr. A. F. A. King, commented that “Dr. 
Lamb’s paper had been a most pleasant surprise to him. The profession of 
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this city owed Dr. Lamb a lasting debt of gratitude for the work he had done 
gratuitously, and at the same time always cheerfully and generously.’ 

Lamb’s medical education was acquired in his spare time at the Georgetown 
Medical School during his first years at the Army Medical Museum (now the 
Armed Forces Medical Museum) where in 1865 he was assigned as an assistant 
to Surgeon Joseph Janier Woodward. Lamb had served during the Civil War 
as a hospital steward in Alexandria. He helped Woodward and others prepare 
thousands of specimens from the Civil War for the new museum. From 1868 
to 1892 he was officially acting Assistant Surgeon. He claimed, however, to 
have been the real Director of the museum, the principal Pathologist, and, 
except in name, the Curator of its collections from 1883-1917. He retired in 
1920 but continued as Pathologist Emeritus. During these active years he was 
also a Professor of Anatomy in the Medical Department at Howard University. 
Most importantly for this discussion, he served as the outside pathologist for 
Freedmen’s Hospital from 1878 until 1909 when the hospital appointed its 
own staff pathologist.° Freedmen’s Hospital was established in 1862 to care 
for indigent blacks and later as a part of Howard University, it provided an 
important source of medical education for black physicians who were banned 
from the other hospitals in the city.’ 

Throughout the nineteenth century postmortems remained a source of fric- 
tion between the public and physicians, and between physicians and hospital 
trustees. In The Care of Strangers, Rosenberg points out that physicians wanted 
liberal autopsy privileges while trustees were concerned with offending the 
late patient’s family and the general community.® The physicians especially 
were concerned that they be allowed to perform postmortems on ambiguous 
or interesting cases whether it occasionally inconvenienced a family or not. 
The advancement of knowledge, they believed, should be foremost. But the 
hospitals in the United States were far behind such places as Vienna’s General 
Hospital where all cases were routinely autopsied. 

One great concern to the public was the condition of the body after autopsy. 
If the deceased did have a family that wished to present the body for viewing, 
there arose the question of promptness in completing the autopsy and suitable 
condition of the body afterward.’ Lamb himself denounced the careless work 
of some of his colleagues which jeopardized scientific research. ““Various ob- 
jections are made [by relatives or friends], the commoner one being fear of 
mutilation; and I regret to say that just cause has been given for this fear, by 
the thoughtless, careless way in which the work was sometimes done.’”’'® Even 
by the end of the nineteenth century, the majority of postmortems were 
not as standardized or as “‘scientific’”’ as those of Lamb and others of his cal- 
iber. Rosenberg writes that most postmortems were “‘. . . casual and crude, 
partially because of a lingering cultural antipathy toward desecration of the 
bodyer ee 

Some years earlier in 1890, Lamb also had noted that postmortems could 
be dangerous to the pathologist: 


‘The ordinary details of the necropsy are so tedious that one is apt to become 
reckless. He had never suffered seriously although he had not usually taken 
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any precautions against being inoculated [infected]. In making necropsies 
one is liable to be cut but there is little probability of bad consequences. 
Punctured wounds or scratches render one more liable to inoculation than 
an incised wound. He had several times suffered from fever, chilliness and 
an erythema as a result of inoculation. He now had an impetiginous eruption 
of four years duration. He tries to keep the cuticle intact. Bodies which have 
become partly decomposed are less dangerous than those that are still warm. 
Ordinarily there is not much risk in making a necropsy if the operator’s 
system is in good condition, as the resisting power is then greater... . He 
had had no experience with alcohol either in the prevention or cure of 
dissecting wounds.” 


There was also the matter of the threatening crowd. Once while performing 
an autopsy on a typhoid fever victim in a house on Grant Street for Dr. 
B. B. Adams, rumors spread among the drinking neighbors that dreadful 
things were being done in the house. The angry crowd that collected was 
dispersed by Dr. Adams who reminded them how often he had given them 
and their families medical care at much personal sacrifice. The work was 
finished in peace.” 

Lamb himself performed over 1300 autopsies on humans and animals. At 
Freedmen’s Hospital alone he performed 655 autopsies in 31 years starting in 
1878, plus he assisted in another 100 during the 1860s. I have analyzed almost 
700 of these reports including all of those done at Freedmen’s Hospital. 

Autopsy findings were hand-written in bound books which are presently 
maintained at the Archives of the Armed Forces Medical Museum. Each 
person or animal was assigned a number in sequence by the date that Lamb 
performed the work. Location, age, sex, race and date of death were noted 
when available as well as a cause of death if determined. If it were relevant 
to the diagnosis, occupation and marital status of the deceased were also 
recorded. The latter might be regarded as of “‘passing interest” or as social 
commentary, especially when applied to single women. Rosenberg explained 
that some hospitals admitted only married lying-in patients as a reflection of 
traditional moralistic and paternalistic attitudes. However, hospital beds were 
filled with a large proportion of unwed mothers at the end of the 19th century. 
Lamb himself seemed more concerned by the complicity of a physician in 
illegal abortions as in passing moral judgment on young women. “‘Now and 
then I have examined women who died of hemorrhage or peritonitis under 
circumstances which suggested mal-practice. In such cases, I have made a 
frank statement of the findings and conclusions. I recall only one case, how- 
ever, in which any legal inquiry followed, and in that case the testimony failed 
to sufficiently incriminate any particular person.” 

Lamb would begin his description with an assessment of the condition of 
the body, i.e., whether it looked well-nourished. He then noted any visible 
marks, scars, lesions, etc. He began the formal examination with the skull 
and brain, rarely examined the spinal column, entered the chest, then the 
abdomen. Inevitably the last entry referred to the genitalia and bladder. In 
the later years, the reports included many more clinical data such as temper- 
atures, pulse, urinalysis and so on. 
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Seldom would a patient or his family aid Lamb in his scientific endeavors, 
but one boy proved the exception. This young boy had tuberculosis and died 
‘““.. . of rupture of softened bronchial glands, the rupture accompanied by 
fatal hemorrhage into the oesophagus. . . . This boy was very bright, and had 
expressed a wish that I should make the post mortem examination because it 
might possibly benefit some one else. This was one of the very few cases in 
which such a request was made.”’» 

Who should/could be autopsied, and who had legal control over the body, 
were concerns for everyone in the last century. The current view is quite clear, 
“When somebody is dead, he is no longer ‘somebody.’ The responsibility for 
his rights is taken over by the law.’’'® But for Lamb in the 19th century: 
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. . at least in the hospitals if we wanted a post mortem examination we 
simply made it without asking leave of anybody. That time has passed. The 
consent of relatives or friends must now be first obtained, and this consent 
is often refused, and often, too, in very interesting cases. It is especially 
difficult now to obtain permission to examine the brain, and I know that the 
cause of death in some cases has not been precisely determined because of 
this refusal.’’’’ 


Certainly the objections met by Lamb and others were rooted in a long history 
of fear and suspicion of hospitals and medical personnel in general. Not too 
many years had passed since the days of the body snatchers. In fact, the 
‘Harrison Horror” had just occurred in 1878.'* In this famous case, John Scott 
Harrison, son of one U.S. President and father of another, was removed from 
his grave and sold to a medical school in Cincinnati. An investigation revealed 
a nationwide commerce in dead bodies, with its headquarters in Cincinnati. 
The Medical Society of the District of Columbia, which Lamb joined in 1867, 
twice formed committees to consider the problem of suitable dissection ma- 
terial. In 1869, a resurrectionist was arrested in Washington, and Dr. A. Paltz 
wrote an editorial to the Evening Star with some suggestions for preventing 
a repetition of such scandalous behavior. In order to supply medical students 
with subjects, he suggested that bodies of executed criminals (especially mur- 
derers) and of suicides be committed to the nearby medical colleges. He also 
made it quite clear that professors did in fact buy bodies for their students. 
Dr. N. Young asked that the committee consider means of legalizing the 
acquisition of bodies as previously mentioned. Both the 1869 and the 1884 
committees were dissolved without having accomplished their goals.” 

It is clear that the public did not share the physicians’ attitude with regard 
to the knowledge to be gained through scientific inquiry. The public was 
undoubtedly pleased, therefore, when laws concerning the deceased were 
passed in 1902 in the District of Columbia.”’ This code required authorization 
for final disposition of a body and a death certificate. An Anatomical Board 
was created to oversee. the new laws including the control of dead bodies 
used by medical schools. Trafficking in bodies, transmitting bodies outside of 
the District, or removing bodies from graves was an offense. A bond had to 
be furnished by schools receiving bodies. Civil liability applied to autopsies, 
resulting in many lawsuits against pathologists for performing unauthorized 
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autopsies or exceeding the restrictions of an autopsy consent.*! The next of 
kin legally maintained the rights to control of disposal and treatment of the 
body. 

At times even the medical community could find problems with the dis- 
position of bodies. In her will, Caroline B. Winslow, a homeopathic physician 
of Washington, had bequeathed her body to the Medical Department of How- 
ard University, on condition that women dissect the body and that the skeleton 
be preserved. But after her death at age 74 in December 1886, the Executive 
Committee of the Medical Department “declined the bequest, nominally be- 
cause of the conditions imposed, but really to please the family and friends.”’”” 
Dr. Washington F. Crusor, a member of the first graduating class of the 
Howard University Medical Department in 1869 later recalled that the first 
session was held in a house occupied by Professor Amzi L. Barber on the first 
floor. The Medical Department used the second floor for lectures and dis- 
sections until the family found out. He does EG credit to their anatomy 
professor for trying to overcome all obstacles.” 

Postmortems not only provided a means for determining the cause of death 
and furthering scientific knowledge, but they were also a source of specimens 
for collections and future study. Collections of rare or atypical pathological 
specimens had been important to hospitals and medical schools since the late 
eighteenth century in the United States and Europe.* Most of the specimens 
came from hospital charity patients because the poor were most often the 
persons to be found on the autopsy table. However, few collections ever left 
the dark and dirty rooms in odd corners of hospitals, and little actual scientific 
work was done with the material. The importance of the establishment of the 
Army Medical Museum as a repository of specimens for study is quite clear. 
Physicians and medical students would have an abundance of surgical, path- 
ological, anatomical and microscopic specimens and facilities in which to 
study.» 

It is not apparent from Lamb’s articles and other papers how attitudes and 
subsequent laws personally affected his collecting of specimens for the Army 
Medical Museum. He did substantially increase the number of specimens for 
the Museum and for a private collection that he and his wife, Isabel Haslup 
Lamb, also a physician, maintained. The specimens included fetuses and new- 
borns, whole organs, tumors, small samples of tissue, etc. He does mention 
one particularly interesting acquisition: 


“IT was asked one day, at the instance of a well-known business man, in 
whose family she lived, to examine a woman who died of some gastric trouble. 
She had had some rather persistent vomiting, and had become very melan- 
cholic; had gradually wasted away. She was a member of a church here, and 
her minister wanted to be present at the examination. [Lamb noted elsewhere 
in the same article that the religious never objected to autopsies]. I did not 
find any lesion, but I found a three-months fetus in the uterus. I managed 
to divert the attention of the minister, so that he did not see me take out 
the specimen and place it under cover. What I told him I have forgotten, 
and the minister is dead. Not long afterwards I had a call from the business 
man; he wanted to know if I had the specimen and would I give it to him. 
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I asked no questions, but I kept the specimen until he died, and then gave 
it away.” 


Lamb took specimens at more than fifty percent of his autopsies. He wrote, 
‘‘Most of the work has been done to accomodate other physicians and secure 
material for the Museum; a labor of love. I hesitate to say how small a sum 
would cover all that I have ever received as compensation; the sum would 
appear so ridiculously small.’’?” About 1895, Congress investigated charges of 
cruel vivisection in various District of Columbia institutions including the 
Army Medical Museum but nothing was substantiated according to Lamb.* 

Lamb would like to have done the autopsy on his own corpse could that 
have been arranged. Obviously aware of that impossibility, in 1928 he did 
write a statement of very detailed procedures to be followed at his postmortem 
and included his own medical history for their guidance.” He wanted his brain 
and any other organs of value removed. The skeleton was to be preserved 
and given to the Army Medical Museum or Howard Medical School with the 
Museum having preference. After Lamb’s death from pneumonia at the age 
of 86 years in April 1929, Ales Hrdlicka, physical anthropologist at the Na- 
tional Museum of Natural History, and Major George R. Callendar, M.C., 
U.S. Army, performed the autopsy and the following specimens were acces- 
sioned to the Army Medical Museum: skeleton, right hand, kidneys, lungs, 
testicles, suprarenals, and blocks of tissue from heart, liver, spleen, pancreas, 
stomach, small intestine, colon, urinary bladder, and prostrate for microscopic 
examination.’ Thus, with the full consent of his wife, son and daughter, he 
made his final contribution to science. 
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